Abstract. Over 30 years of hydrographic data from the northern Chile (18øS-24øS) upwelling region are used to calculate the surface and subsurface seasonal climatology extending 400 km offshore. The data are interpolated to a grid with sufficient spatial resolution to preserve crossshelf gradients and then presented as means within four seasons: austral winter (JulySeptember), spring (October-December), summer (January-March), and fall (April-June). Climatological monthly wind forcing, surface temperature, and sea level from three coastal stations indicate equatorward (upwelling favorable) winds throughout the year, weakest in the north. Seasonal maximum alongshore wind stress is in late spring and summer (DecemberMarch). Major water masses of the region are identified in climatological T-S plots and their sources and implied circulation discussed. Surface fields and vertical transects of temperature and salinity confirm that upwelling occurs year-round, strongest in summer and weakest in winter, bringing relatively fresh water to the surface nearshore. Surface geostrophic flow nearshore is equatorward throughout the year. During summer, an anticyclonic circulation feature in the north which extends to at least 200 rn depth is evident in geopotential anomaly and in both temperature and geopotential variance fields. Subsurface fields indicate generally poleward flow throughout the year, strongest in an undercurrent near the coast. This undercurrent is strongest in summer and most persistent and organized in the south (south of 21øS). A subsurface oxygen minimum, centered at ~250 m, is strongest at lower latitudes.
Introduction
In addition to their intrinsic value in describing oceanic conditions, long-term means, or climatologies, are essential for identification and quantification of interannual or longer timescale variability in the ocean. As an example, the California Cooperative Fisheries Investigation (CalCOFI) time series of physical and biological measurements in the southern part of the California Current has made possible the quantification of variability on a range of timescales. These include the seasonal cycles of cnrrents and water properties [Chelton, 1984; Lynn and Simpson, 1987] , interannual variability in currents, water masses, and zooplankton volumes [Chelton et al., 1982] Bakun and Nelson [1991] . diagrams showing cross-shelf sections, which indicated that Their seasonal climatology is constructed from merchant ship upwelling brought water from both the undercurrent and from an observations, binned into 1 ø squares. This spatial scale is too offshore salinity minimum to the surface off northern Chile. large to represent the nearshore winds over the narrow shelf, Although this analysis provided no seasonal information and which at these low latitudes are modified by strong land-sea poorly resolved the region within 100 km of the coast, the temperature differences. The Bakun and Nelson climatology essential features described by Brandhorst [1971] are those most agrees with other observations in suggesting that the wind often found in later studies. forcing weakens as one moves north toward the change in Inostroza [1972] attempted to construct a seasonal atlas using coastal orientation at the border of Peru and Chile. It does not the data available at the time, which consisted of only 36 cruises represent the seasonal maximum very well, however, finding a between 1875 and 1968. The data covered parts of the Chilean maximum in winter (June-September) off northern Chile (20 ø-coast from 18 ø to 50øS in 1 ø boxes. The fields again showed the 24øS). A 10 year climatology of alongshore wind stress essential features of the upwelling system in the north (described calculated from European Centre for Medium-Range Weather above), but the picture in each season at each location was often Forecasts (ECMWF3 winds [Thomas, 1999] indicates a spring-determined by only one or a few measurements, resulting in very summer maximum between 20 ø and 25øS, although these data noisy fields. Silva and Fonseca [1983] , Bernal et al. [1982] , and also suffer from a coarse grid scale. Coastal wind measurements Fonseca [1989] used selected cruises to characterize the presented by Shaffer et al. [1997, 1999] indicate a clear spring-circulation off the northern half of Chile as composed of summer maximum in alongshore wind stress at 30øS consistent alternating bands of equatorward and poleward flow. These are with the spring and summer seasonal maximum reported by somewhat similar to those found by Brandhorst [1971] , although Pesquero (IFOP)) because of its economic value. The available collected by IFOP in the upwelling region off northern Chile IFOP database extends over 30 years Hydrographic data were averaged in time, within the grid, to construct a seasonal climatology of temperature, salinity, and dissolved oxygen. The definition of seasons used here is summer (January-March), fall (April-June), winter (JulySeptember), and spring (October-December). Vertical data within each grid cell were interpolated to 13 standard depths (0, Poleward winds are seldom seen in the monthly averages from northern Chile, even at the northern border. These conflicting individual years and do not appear in the climatological monthly results are most likely due to differences in sampling and seasonal cycles. The magnitudes of the winds (and other coastal averaging. The Bakun and Nelson data are from ships, averaged variables) may be affected by specific local siting factors, such to a 1 ø grid, and are more representative of offshore conditions. as height of measurement, elevation of the airport, etc., so offsets Given the very narrow upwelling region and strong land-sea between the different stations should be interpreted with caution. thermal contrasts at these low latitudes, we expect the airport Despite this, the weaker alongshore wind strength at the most wind measurements at the coast to be more relevant to coastal northern station (Arica) is believed to reflect a true decrease in ocean processes.
wind forcing in the comer of the large bight formed by the Sea surface temperature (Figure 3b) 
Discussion
The large-scale climatological features quantified here off northern Chile have direct analogues in other eastern boundary Many of the features present in the climatology are similar to those identified from previous individual surveys off Chile [Brandhorst, 1971; Fonseca, 1989] . The climatology calculated here, however, quantifies the mean circulation and water mass distributions more thoroughly than any previous analysis, presenting real means of the data rather than conceptual schematics. It also differs from climatologies that might be constructed from global data sets. 
